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ABamAOT 


An  •aqpreMlon  far  tha  aalf-lopadanoa  la  darivsd  for  aagr  alsa 
of  baffle  with  platen  alaaa  In  tha  range  k»  ■  0.7$  •  2  .  The  unboffled 
oondltlon,  as  a  partloular  omoe,  prorldae  a  iMans  of  oheoking  the  ei^re- 
aalon  againat  the  few  existing  reaxilta  derived  by  nore  advanoed  ■sthods 
and  good  a^reaBent  la  obtained.  Certain  alsea  of  finite  baffle  raise 
the  self  reslstanoe  and  reaotanoe  aoMwhat  above  the  Infinitely  baffled 
values. 
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INTRODUCTION 


Values  for  the  aoouetlo  aelf-lnqpedance  of  a  rigid  circular  piston 
source  in  an  infinite  baffle  are  generally  available  in  the  literature. 

The  method  given  here  for  the  oases  where  the  baffle  is  finite  or  entirely 
absent  uses  the  above-mentioned  values  in  conjunction  with  a  principle  of 
superposition*  This  assumes  that  the  acoustic  pressure  experienced  by  the 
piston  i^en  infinitely  baffled  has  two  consonants;  namely,  the  pressure 
it  would  experience  if  the  baffle  were  absent,  and  that  pressure  which 
would  result  if  the  baffle  were  replaced  by  an  infinite  (non-uniform) 
source  which  at  every  point  on  it  creates  a  pressure  equal  to  that  actually 
ess^irienoed  there  by  the  baffle.  If  this  latter  component  is  evaluated 
and  deducted  from  the  known  values  of  pressure  on  the  piston  when  infinitely 
baffled,  then  the  unbaffled  values  of  pressure,  and  thence  self-issedance, 
will  remain. 


The  replacement  of  the  infinite  baffle  by  a  non-unifozro  source  follows, 
of  course,  the  method  of  treating  problems  of  reflexion  from  a  rigid  wall, 
where  the  normal  velocity  is  made  to  vjinish  by  an  appropriate  source  strength 
at  each  point.  The  present  case  is  rather  different  in  that,  since  the 
piston  source  and  infinite  baffle  are  coplanar,  there  is  xk)  incident  wave 
in  the  sense  of  one  having  a  normal  velocity  component.  The  strength  of 
the  fictitious  source  at  each  point  is  therefore  determined  by  the  (scalar) 
pressure  occurring  at  the  corresponding  point  on  the  infinite  baffle. 


The  case  of  a  finite  baffle  is  treated  similarly.  Thus,  if  the  finite 
baffle  has  outer  radius  b  and  inner  radius  a  (the  piston  radius),  the  rad¬ 
iation  pressure  on  the  piston  is  assumed  to  be  given  by  deducting  from  the 
infinitely-baffled  value  a  coiig>onent  due  to  a  non-unlfoxm  source  whose 
inner  radius  is  b  and  which  extends  to  infinity.  The  procedure  for  dealing 
with  a  finite  baffle  does  not  take  account  of  diffraction  of  the  sound 
behind  the  baffle,  nor  the  thickness  of  the  baffle,  and  in  this  respect  is 
an  approximation.  On  the  other  hand,  the  application  of  the  method  is 
intended  primarily  to  situations  where  limited  baffling  occurs  by  vljrtue 
of  the  presence  of  adjacent  equipoient,  frameworks,  structures  and  the  like, 
none  of  which  can  usually  be  reasonably  represented  by  a  thin  rigid  baffle. 


2.  THE  VELOCITY  POTENTIAL  IN  THE  PLANE  OF  AN  INFINITE  BATOE 


T 


Let  ti  ^  ^  velocity  potential  at  a 
point  P  in  the  plane  of  the  infinite 
baffle.  Then  if  a  is  the  piston  radius 
and  ro  the  distance  of  P  from  the 
piston  centre  (see  Fig.  No.  1),  the 
potential  is  given  by  - 
a  tr 

-  H  J  a  ajB  J  (1) 

o  o 


-  where  u  is  the  vibrational  velocity 
of  the  piston 

Since  rs(r*<f^-2rm  cos 
Vo  0 

first  integral  in  ( 1 )  can  be  evaluated 
by  expressing  the  integrand  as  a  series 
of  Bessel  and  Legendre  functions  ^  - 
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The  double  integral  then  becomes  - 


a  tr 
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This  Ysniahes  for  all  odd  ralues  of  n  •  Also  if  ica  does  not  exceed  2 
there  is  very  little  error  entailed  bgr  takix^  only  the  first  two  finite 
terns  (i*e»  n  «  0,2),  a  dSTioe  ehioh  greatly  eases  the  integration 
problems  met  below  in  dealing  with  the  non-unifora  souroe. 
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3.  THE  WaMJNIFOBI  30DR0B 


The  ix^inite  baffle  is  replaced  entirely  -  or  that  part  of  it  beyond 
some  radius  b,  as  exqplained  above  -  by  a  non-Htniform  source*  The  source 
strength  at  any  point  is  such  as  to  balance  the  pressure  actually  experi- 
enoed  by  the  Infinite  baffle*  If  this  is  p^  at  aiy  point  then  the 
required  source  velocity  there  can  bj  given,  \ander  a  limited  range  of 
conditions,  fairly  accurately  by  the  plane-wave  relation  v  «  p^ 

The  required  velocity  nay  be  written  in  terms  ofti  The 

range  of  conditions  referred  to  obviously  excludes  any  relatively  rapid 
change  of  pressure  along  the  baffle* 


If  then  the  potential  at  a  point  on  the  baffle  due  to  the  piston  is 
ti ,  the  f iotitioxis  source  velocity  there  is  i  ti  and  the  velocity  poten¬ 
tial  due  in  turn  to  this  elementary  source  is  - 
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(4) 


-4- 


where  t  is  expressed  by  (3)9  r  is  the  distance  from  the  elementary 
source  ana  dA  is  its  area*  The  pressure  corresponding  to  (4)  is  then  - 
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By  integrating  (3)  over  the  piston,  the  force  thereon  due  to  the 
elementaxy  source  is  obtained,  thus  - 


a  V  ^  ^ 

df  .  j  sda  j  d<p  (6) 

0  o 

referring  again  to  Fig.  where  P  is  now  the  elementaxy  source.  On 
account  of  the  syanetry  of  the  field  about  the  piston  axis,  it  is 
possible  to  consider  the  elementaxy  source  as  an  annulus  having  uniform 
source  strength  and  whose  radius  and  width  are  r^  and  drg  respectively 
(see  Pig.  l).  That  is,  dA  ■  2wrQdrp  in  (6)  and  a  third  integration 
will  yield  the  force  on  the  piston  due  to  a  non^iniform  source  corres- 
pondixg  to  an  infinite  baffle  whose  inner  radius  is,  say,  b  •  Thus  - 

maw 

f  m  2  puK  j  I  »d»  j  d<p  (7) 
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Introducing  again  the  relationship  expressed  in  (2) 
a  ir  ica 

00  ^  o 

0 
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where  again  only  the  first  two  finite  terns  in  (2)  are  used.  Ey 
discarding  the  term  oontainixig 

tea 
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is  evidently  a  relatively  very  small  quantity  provided  that 
tea  2  ,  the  third  integral  in  (?)  is  easily  evaluated  and  the  total 
force  on  the  piston  due  to  the  non'-unifom  source  can  be  expressed  as 
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-  ehere  v  m  ><cr^  ,  The  integrals  with  respect  to  both  v  and  s  are 
readily  obtainable  from  tables.  It  is  perhaps  worth  eaf>hasiaing  that 
this  ocsparatively  straightforward  expression  for  a  quanti^  nomelly 
apprehended  by  such  more  spphistioated  methods  la  made  possible  by 
using  the  simple  plane-wave  pressure-velocity  xelation  to  obtain  source 
velooity.  This  accordingly  restricts  the  use  of  the  method  to  values 
of  tea  not  less  than  0.75»  the  upper  limit  being  2,  as  indicated  earlier* 
Sosm  justification  for  putting  foeward  a  method  oovering  a  limited  range 
of  piston  sixes  is  the  fortunate  oiroumstanoe  that  transducers  ourrently 
under  development  at  A.R.Lu  are  comfortably  within  this  range.  The 
possibility  of  extending  the  range  of  tea  values  will  be  studied.  At  the 
lover  end^  i.e.  tea  <  0.759  ^  approxlaation  to  a  rigid  piston  given 
by  a  hemispherioal  source  might  be  exploited,  idiilst  values  exceeding  2 
^11  involve  the  consideration  of  additional  terms  in  the  seriee  (2). 

There  is,  as  far  as  the  writer  is  aware,  rather  little  reliable  data 
availible  with  which  the  results  of  the  present  method  may  be  coiqpared. 

The  work  of  S.  Banish^  provides  values  of  self  resistance  and  reactance 
derived  by  much  more  advanced  methods^  but  which  apply  only  to  the 
c<xq>letely  unbaffled  condition  and  then  only  for  values  of  so  not  exceed¬ 
ing  unity.  The  unbaffled  condition  is  given  in  the  present  method  by 
putting  b  «  a  ;  that  is,  by  making  the  lower  limit  of  the  integrals  with 
respect  to  v  equal  to  2  sa  in  (9)«  example,  putting  sa«1  ,b  «  a, 

and  dividing  (9)  by  w  c^ape  to  give  specific  iaq)edanoe,  and  finally  de-* 
ducting  the  result  from  the  known  infinitely-baffled  self^i^pedance 
value,  the  value  for  the  ux^affled  condition  becoMs  Z  «  0.2372  4  i  0l6l08 
as  compared  with  0.2322  ^  i  0.5812  by  Banish.  Repeating  this  with 
tea  m  0.75  gives  Z  «  0.136  ^  i  0.4633  against  Banish’s  0.1337  ^  i  0.4512. 
Below  tea  &  0.75  all  resemblance  between  the  present  results  and  those  of 
Banish  rapidly  disappears,  the  latter  being  evidently  above  suspicion  if 
only  because  at  those  sixes  they  should  and  do  conform  to  the  sii^le 
spherical  source  equivalent. 

Since  the  uhbaffled  condition  is  given  here  merely  by  ixsing  one 
particular  value  of  s  b  in  a  general  expression,  the  agreement  shown  above 
pezwdts  some  confidence  in  the  results  for  partial  baffling.  The  latter 
are  shown  graphically  in  Fig.  2  for  so  m  0.75^  1  and  2  and  are  in  agreewNnt 
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with  some  results  given  by  Nimurs  and  Wstsnsbe^  in  showing  that  oertaia 
finite  sixes  of  baffle  pzx>duoe  values  of  self  resistance  and  reaotanoe 
greater  than  those  obtained  with  an  infinite  baffle. 


P.  H.  a.  CRAMB  (S.8.0. ) 
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FIG.  2  VARIATION  OF  ACOUSTIC  SELF 

IMPEDANCE  WITH  BAFFLE  RADIUS 
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